Interferon, when added to L cells, inhibited the synthesis of infectious Mengo viral ribonucleic acid, hemagglutinins, and infectious virus by 85 to 95%. Serumblocking antigens were also reduced by the action of interferon, but threefold excess amounts of these antigens accumulated in interferon-treated cultures above the amounts expected for the quantity of infectious virus that was produced in these cultures. Radioautographic compatible with the hypothesis that the cytopathic effects resulting from Mengo virus infection of L cells are due to a protein(s) which is not a constituent of the mature virus.
Interferon, when added to L cells, inhibited the synthesis of infectious Mengo viral ribonucleic acid, hemagglutinins, and infectious virus by 85 to 95%. Serumblocking antigens were also reduced by the action of interferon, but threefold excess amounts of these antigens accumulated in interferon-treated cultures above the amounts expected for the quantity of infectious virus that was produced in these cultures. Radioautographic analysis showed that 28 to 36 % of the cells of an interferontreated population synthesized viral ribonucleic acid and 36 to 47% produced viral antigens as determined by an immunofluorescence technique. Despite the reductions in synthesis of viral components, all cells in an interferon-treated culture underwent cytopathic effects at the same time as cells in infected cultures which had not been treated with interferon. The results are compatible with the hypothesis that the cell destruction which results from the infection of L cells with Mengo virus is due to a protein which is coded for by the virus but is not a component of the mature virion.
The mechanism(s) by which cells are destroyed after infections by viruses is unknown. In the case of two small ribonucleic acid (RNA) viruses, polio (3) and Mengo (2) , it has been hypothesized that capsid proteins are responsible for the resulting cell destruction. Both of these studies used inhibitors of protein synthesis to establish that protein synthesis is required at a time near the end of the latent period for manifestation of cytopathic effects. It was found that initiation of synthesis of viral coat proteins occurs simultaneously. Previous studies by Gauntt and Lockart (9) with the Mengo virus-L cell system were in agreement with those studies, on the time at which protein synthesis is required for subsequent cytotoxic effects. In addition, we showed that interferon inhibited the production of virus in 66 to 69 % of the cells but failed to prevent complete destruction of the entire culture at the usual time (9) . In the present study, interferon was used to block virus production in an attempt to determine whether the presence of viral capsid proteins is a prerequisite to cell destruction. The compatible with the hypothesis that the cytopathic effects resulting from Mengo virus infection of L cells are due to a protein(s) which is not a constituent of the mature virus.
MATERIALS AND METHODS
Cells and virus. Methods for the growth and maintenance of a subline of L-929 cells (designated Lts) were previously described (9) . Procedures for the production and assay of interferon were previously outlined (9) . By this assay, one protective unit (PU) of interferon is designated as that concentration which prevents the appearance of cytopathic effects in Lts cell cultures (ca. 1.2 million cells) subsequent to challenge by 10 plaque-forming units (PFU) per cell of Western equine encephalomyelitis virus at 12 to 15 hr after interferon addition (13) . Samples of high-titer stocks of interferon (500 to 1,250 PU/ml) were thawed from storage at -20 C and diluted in growth medium for each experiment.
Assay of virus and interferon. Procedures for the production and assay of Mengo virus have been described (9) . Growth of this strain of Mengo virus was maximally inhibited by incubating cultures of Lts cells for 16 to 18 hr with 10 PU of interferon per ml prior to challenge with virus (9) . This concentration of interferon (10 PU/ml) was used throughout. A 2-ml amount of interferon or growth medium was added to monolayer cultures grown in 60-mm petri dishes which contained 0.8 to 1.2 million celis (hemagglutinin GAUNTT AND LOCKART was to be extracted were grown in 100-mm petri dishes (4 to 6 million cells) and were incubated with 6 ml of interferon (5 PU/ml) or growth medium.
Hemagglutination test. Hemagglutination titrations of virus, using sheep erythrocytes, were performed on samples which had been subjected to three cycles of rapid freezing and thawing followed by centrifugation at 700 X g for 5 min. All dilutions were made in phosphate-buffered saline (6) containing 0.05% bovine albumin (PBSA) lacking antibiotics; 0.5 ml of each dilution was mixed with 0.5 ml of a 1% solution of sheep erythrocytes. The mixtures were incubated for 4 hr at 25 C. End points were expressed in hemagglutinin units, one unit being defined as the reciprocal of the final dilution which caused partial hemagglutination.
Serum-blocking power test for viral protein. The serum-blocking power test, used to compare the amounts of virion protein produced in control and interferon-treated cultures, was performed as follows. Samples were initially subjected to three cycles of rapid freezing and thawing, followed by centrifugation at 700 X g for 5 min. Portions of each test sample were then exposed to an 8-w General Electric germicidal lamp at a distance of 15 cm for 20 sec to reduce the number of PFU by approximately 100-fold. Portions (0.5 ml) of various dilutions of the ultraviolet-inactivated test samples were mixed with equal volumes of Mengo virus antiserum which had been standardized to neutralize 90% of a virus suspension containing 2 X 108 PFU. After the ultraviolet-inactivated virusantiserum mixtures were incubated for 30 min at 37 C, 0.5 ml of a standard virus suspension containing 2 X 108 PFU was added to each mixture, and the mixtures were incubated an additional 30 min at 37 C. Each mixture was then immediately assayed by the plaque technique for the content of standardized virus not neutralized. Controls were run with each test to insure the neutralizing capacity of the antiserum. Titrations were performed on the ultraviolet-irradiated test samples to determine that at least 99% of the infectious virus had been inactivated. All dilutions were made in PBSA.
The antiserum used in the serum-blocking power test was obtained from rabbits which had been injected intraperitoneally every 2 days with virus lysate containing 2 X 109 PFU (per ml) of Mengo virus. Initial injections of 0.5 ml were increased up to 3.0 ml for the final injection. Ten injections were given over a 3-week period. The sera were collected in the usual manner and stored at 0 C without preservative. This antiserum had a k value of 31 min-' (1).
Monolayer cultures were incubated with interferon or growth medium for 16 to 18 hr. The cell layers were then washed, and an inoculum containing 20 PFU per cell of Mengo virus and 10 mg of actinomycin D per ml was added to each. After a 1-hr period at room temperature for adsorption, the cultures were washed three times with PBSA lacking antibiotics. Uninfected cultures were similarly incubated with 10 pAg of actinomycin D per ml during the adsorption period. Growth medium, lacking antibiotics and containing 3H-uridine at 1 ,c/ml, was added to each culture. All cultures were harvested at 9 hr postinoculation by scraping the cells into the medium; after centrifugation at 500 X g for 5 min, the supernatant fluid was removed. The fractions were stored separately at -10 C and recombined prior to extraction of nucleic acids.
Since the effect of interferon on the synthesis of Mengo virus-specific RNA was to be examined, it was necessary to add actinomycin D to infected cells to prevent the uptake of 3H-uridine into cell ribosomal RNA (18) . Actinomycin D is known to partially reverse the viral inhibition resulting from the action of interferon (13, 21) , although it does not affect the synthesis of Mengo virus (8, 11, 18 20 pg of polyvinyl sulfate per ml). The infectious RNA content of a preparation was assayed in Lts cell monolayers by the usual plaque technique (9), which was modified by the following additional steps. All dilutions of infectious RNA were made in PBSA lacking antibiotics and containing 500 pAg of diethylaminoethyl-dextran per ml. All dilutions were kept at 0 C. Samples of each dilution were allowedto adsorb for 20 min at 25 C to monolayer cultures which had been washed twice with PBSA lacking antibiotics. The inoculum was redistributed at 10 min postinoculation At the end of the adsorption period, 10 ml of the nutrient agar overlay was added to each culture (9) . After incubation for 48 hr at 37 C, plaques were delineated by staining with 0.01% neutral red in PBSA.
If titrations of infectious RNA were performed in the absence of diethylaminoethyl-dextran, no plaques resulted.
Radioautography. The cover slip-culture technique of Franklin (7) was used in the radioautography and immunofluorescence experiments. After a 1-hr period for virus adsorption at 25 C, the inoculum which contained 10 (1) . Fluorescence-conjugated anti-rabbit y-globulin goat serum (Hyland Laboratories) was also cross-adsorbed three times with the mouse liver powders and used at a 1:10 dilution. The indirect test was performed by adding the anti-Mengo serum to the dry cover-slip cultures and allowing the reaction to proceed at 37 C for 30 min in a moist CO2 incubator. The anti-Mengo serum was removed and the cover-slip cultures were washed five times with phosphate-buffered saline and then blotted dry. Conjugated anti-rabbit e-globulin goat serum was then added to the cover-slip cultures, and they were incubated an additional 30 min under the same conditions. The cover-slip cultures were washed five times with distilled water, air-dried, and mounted on slides with Elvanol (polyvinyl alcohol, Dupont). Observations were made with a Zeiss fluorescence microscope employing a dark-field condenser. Nonspecific fluorescence was a dull green color, whereas immunofluorescence was bright yellow.
RESULTS

Effect of interferon on the yield of infectious
Mengo RNA. Interferon has been shown to inhibit the synthesis of the RNA of several viruses (5, 10, 14) . Two reports have shown quantitative relationships between the inhibition, by interferon, of yields of infectious Western equine encephalomyelitis virus (14) and Eastern equine encephalomyelitis virus (10) and their respective infectious viral RNA molecules. In the present work, the effect of interferon on the yields of Mengo virus and Mengo virus-infectious RNA was quantitatively determined. The purpose of these experiments was to ascertain whether infec-VOL. 2, 1968 tious RNA was synthesized in sufficient quantity to play a role in destroying nonvirus-producing cells (9 Very few grains were found in the uninfected actinomycin D-treated cells (Fig. 2A) . Grain counts of the cytoplasmic areas of these cells were made to establish a background count. Virus-infected cells not treated with interferon are shown in Fig. 2B ; virus-infected cells which had been incubated with interferon are shown in (Fig. 2C) 11.5 hr with methanol at 0 C in experiments 1, 2, and 3, respectively. Monolayer cultures from each experiment were harvested at 20 to 24 hr postinoculation for virus yields. In the experiments presented, 96, 90, and 89% of the cells were positive in experiments 1, 2, and 3, respectively. Control cultures from experiments 1, 2, and 3, respectively, produced 1,292, 362, and 543 PFU per cell.
I A cell was considered positive if it contained a greater number of grains in the cytoplasm than were observed in the cytoplasm of cells of uninfected actinomycin D-treated cultures. The average cytoplasmic grain counts of 50 to 100 cells from actinomycin D-treated cultures were 6.9, 4.2, and 13.7 in experiments 1, 2, and 3, respectively.
cultures contained about three times less active virus. Therefore, the additional reduction of neutralization in interferon-treated cultures was assumed to be due to the presence of excess viral antigens which were not part of mature infectious virus particles.
Immunofluorescence analysis of cells in an interjeron-treated culture. Less than 40% of the cells in an interferon-treated culture synthesized viral RNA (Table 2) or infectious virus, as detected by infectious-center assays (9) . To determine the proportion of cells in an interferon-treated culture which synthesized viral coat protein, the indirect immunofluorescence test was performed on coverslip cultures of L cells. These cultures were incubated with interferon or growth medium for 16 hr prior to challenge with Mengo virus. At 10 or 11 hr postinoculation, the cultures were fixed with acetone at 0 C. Similar control and interferontreated cultures were harvested at 24 hr postinoculation, and the virus yields were determined. Included in the photomicrographs showing typical results (Fig. 3) , an uninfected cell control (Fig. 3A) (Fig. 3B) . The incubation of cells with interferon prior to infection clearly reduced the number of cells showing immunofluorescence (Fig. 3C) . The results are expressed quantitatively in Interferon, at concentrations which produced maximal reductions of Western equine encephalomyelitis virus yields (7), effected a similar level of reduction in yields of both mature virus and infectious viral RNA. Lockart and Sreevalsan (14) found a similar correlation for the replication of Western equine encephalomyelitis virus in interferon-treated chick embryo cells. Ho (10) , however, found that interferon inhibited the synthesis of Eastern equine encephalomyelitis viral RNA much more than yields of infectious virus. Mecs (3) interpreted this protein synthesis to mean synthesis of capsid proteins, since this is the time that capsid protein can first be detected. However, the additional data from the immunofluorescence studies lend support to the hypothesis that cell destruction is due to a protein which is not part of the mature virus. The hypothesis would therefore propose that the input Mengo genomes code for a protein(s) while under the influence of the action of interferon which is responsible for cytotoxicity. The hypothesis does not seem to be in direct conflict with present hypotheses on the mode of action of interferon. By using a virus which is highly susceptible to the action of interferon, Marcus and Salb (15) showed that, in a cell-free system, Sindbis virus RNA attaches to ribosomes from interferon-treated chick embryo cells with two-thirds the normal efficiency, and apparently the viral RNA is not translated. Other studies with viruses less sensitive to interferon have suggested that interferon acts by preventing polyribosome formation (4, 12) . However, in both of these studies, a small but detectable level of polyribosome formation occurred, and this level might be sufficient for synthesis of cytotoxic protein(s).
